Progress in livestock genomics, especially in the creation of low-density genetic maps has been aided significantly by the development of in vitro amplification procedures such as the polymerase chain reaction (PCR) and the discovery of highly informative genomewide polymorphic markers such as microsatellites (Georges and Andersson 1996) . The genetic maps have provided resources for the identification of markers in linkage disequilibrium with genes that influence economic traits (Andersson et al. 1994; Spelman et al. 1996; Vallejo et al. 1998) . Despite this progress, further progress in the identification and isolation of quantitative trait loci (QTL) and of genes with low penetrance and modest effects on economic traits has been limited. To overcome this type of limitation, the development of high-density genetic maps containing 10-to 20-fold more markers than current levels has been recommended ( Kruglyak 1997 ( Kruglyak , 1999 .
To generate genetic maps with sufficient density to map QTLs, recent efforts in human genomics have focused on developing single nucleotide polymorphisms (SNPs), the most common type of variation in eukaryotic genomes (Cooper et al. 1985; Li and Sadler 1991) . Estimates suggest that SNPs occur at a rate of about 1 in 500-1000 bp when any two chromosomes are compared in the human genome ( Harding et al. 1997; Nickerson et al. 1998; Wang et al. 1998) . Though the information is limited, estimates using a randomly mating chicken population suggest a higher frequency of 1 in 200-500 bp (Smith et al. 2000) . The identification of SNPs therefore provides a resource for building a high-density genetic map using millions of potentially informative genetic markers.
The value of SNPs in genomics has resulted in several initiatives to develop these resources. Methods for discovering SNPs have involved direct sequencing (Rieder et al. 1999) as well as the search of public databases for redundant sequences (Picoult-Newberg et al. 1999) . After their discovery, automated methods were available for direct and rapid screening and genotyping. However, the utility of The IDs assigned to the ESTs were based on the order of isolation and sequencing. Missing IDs mean either the clone contained no insert, low PCR yield, the amplified product consisted of multiple bands or the useful sequence was less than 100 bp. Each EST was submitted to dbEST and has been assigned an accession number (second column). b Size of the edited sequence deposited in GenBank. c The identification and accession number of the database sequence that matched the respective EST based on our criteria of percentage and length of the region of identity.
del and ger subscripts indicate matched sequences from Buerstedde's bursal and Burnside's activated T-cell cDNA libraries, respectively. ϾϾ indicate matches to three or more database sequences. d Percentage identity of the EST sequence to database match. e Length of the region of the EST sequence involved in the match with the database sequence. SNPs, despite their ubiquity and abundance in the genome, depends on whether they are in expressed or nonexpressed DNA sequences ( Kwok et al. 1996) . Genebased SNPs, or what are referred to as coding SNPs (cSNPs), are considered valuable for association studies between complex traits and quantitative trait loci ( Halushka et al., 1999) . Nonetheless, the discovery of cSNPs requires the identification of genes as a necessary first step; but most livestock genome maps, including that of the chicken, have very few genes. Single-pass sequencing of cDNA clones has been suggested as a rapid method of identifying genes, the mapping of which will enhance genetic maps (Wang et al. 1991 ). These sequences, generally known as expressed sequenced tags ( ESTs), have been developed for several organisms including humans (Adams et al. 1991) , chickens ( Li et al. 1998; Ruyter-Spira et al. 1996 , 1998 , and turkeys (Smith et al. 2000) . The direct tagging of expressed genes also make EST discovery useful for monitoring and understanding gene expression patterns at specific stages of development and in specific tissues. In addition, ESTs can facilitate gene discovery, especially using the EST database (dbEST ). More recently the identification of nucleotide variants in ESTs has provided a resource for the use of microarrays in genetic screening and monitoring of gene expression ( Hacia et al. 1998) .
The chicken genetic map currently consists of about 235 gene-based markers or about 12% of the total number of DNA markers (Groenen et al. 2000) . Expressed sequence tags provide a unique opportunity for increasing the number of genebased or type I markers for the chicken genome map as well as for comparative mapping with densely mapped species like humans and mouse (Adams et al. 1991; Bogulski et al. 1993) . As a special class of sequence tagged sites used for physical mapping (Olson et al. 1989) , ESTs provide an additional advantage of directly tagging expressed genes. Several ESTs have been reported for chickens and deposited in the international databases, and other laboratories have reported a limited number that were characterized and mapped ( Bumstead et al. 1994; Ruyter-Spira et al. 1998; and Spike et al. 1996) . Here we describe ESTs developed from a White Leghorn chicken embryo cDNA library that were characterized by sequence identity with database matches and linkage analysis in the East Lansing ( EL) reference DNA panel (Crittenden et al. 1993 ).
Materials and Methods

cDNA Library
The library, a collaborative effort with Dr. Bob Zahorchak (Research Genetics, Inc.) was constructed using a standard primary library-single-strand DNA library-cDNA library normalization procedure of Soares et al. (1994) . Briefly, poly(A)ϩ RNA isolated using a standard protocol from a 10-day-old White Leghorn whole embryo was used to construct a directional cDNA library in the vector ZAP (Stratagene) be- tween the T3 and T7 promoters (Sambrook et al. 1989 ). The polylinker used was streamlined in order to facilitate normalization, as suggested by Bonaldo et al. (1996) . The normalization procedure, involving partial reassociation kinetics and hydroxyapatite chromatography to remove clones with many copies, was done according to Soares et al. (1994) . Three hundred eighty-four clones were randomly picked into a 384-well microtiter plate from which inserts were obtained using a modification of the Gussow and Clackson (1989) direct clone characterization procedure described previously (Smith et al. 2000) .
DNA Sequencing and Analysis
The PCR-amplified fragments were purified by resin-based precipitation as follows: PCR products were added to 300 l of a well-mixed slurry of Sephacryl S-300-HR (Sigma Chemical Co., St. Louis, MO) in a 96-well Silent Monitor microtiter plate ( Fisher Scientific, Suwanee, GA) and spun at 3500 rpm for 5 min. The purified fragments within the filtrate were used as templates for BigDye terminator sequencing as previously described (Smith et al. 2000) . The partial sequences were edited to remove vector sequences from the 5Ј ends as well as unreliable and unresolved nucleotides from the 3Ј ends. The sequences were compared against National Center for Biotechnology Information ( NCBI) nonredundant and dbEST databases using BLAST (Altschul et al. 1990) . At the nucleotide level, sequence identity was considered significant to a database entry if the length on which the identity was based exceeded 50 bp and the homology was 80% or greater. The ESTs were also analyzed for redundancy using Phred/ Phrap/Polyphred and Consed as previously described (Gordon et al. 1998 ). This latter comparison was especially necessary for ESTs with no database matches.
Polymorphism and Linkage Analysis
The male and female parental samples of the East Lansing reference panel, described previously by Crittenden et al. (1993) , were used to screen 50 of the nonredundant ESTs for SNPs in the EST-targeted genomic regions. Primers for PCR were developed from each EST using the web-based program Primer 3 (Rozen and Skaletsky 1997) and amplification performed at an annealing temperature of between 53ЊC and 65ЊC as previously described (Smith 1998) . The amplified products were purified and sequenced as described above. The sequences were also analyzed for SNPs using Phred/Phrap/ Polyphred and Consed (Gordon et al. 1998) . Multipoint linkage analyses of ESTs polymorphic in the parental samples were according to Cheng et al. (1995) . Candi- Tables 1 and 2 . b The two alleles are in parentheses. c Locus designation used to map the ESTs is according to Crittenden et al. (1995) . d Linkage group to which the EST was localized. The value after / is the chromosomal location of the EST. e Logarithm of odd score. f Left flanking marker. g Right flanking marker. h The two SNPs in TUCEST131 were not in linkage disequilibrium.
date SNPs that were initially identified as heterozygous in one or both parental samples were validated by sequencing a second PCR product as well as resequencing using the reverse primer ( Nickerson et al. 1998) .
Results and Discussion
A normalized cDNA library from a 10-dayold whole embryo was developed and partially characterized. A total of 301 colonies yielded amplified products containing single or multiple bands. Out of 144 clones that produced a single band, PCR-generated templates from 99 insert-containing clones were used to develop single-pass DNA sequence information. The edited sequences of the 99 ESTs ranged in size from 127 to 884 bp ( Table 1 ). The ESTs have been submitted to GenBank ( NCBI) and assigned accession numbers. Additional sequences and unpublished data related to the ESTs from this library are available by ftp at apsc26.apsc.vt.edu.
Fifty ESTs, or about 51% of the sequences, matched database sequences. Nineteen ESTs matched previously reported chicken genes ( Table 1) . Among these, the complete sequence of eight ESTs-TU-CEST6, TUCEST9, TUCEST10, TUCEST19, TUCEST76, TUCEST81, TUCEST180, TU-CEST190-matched database chicken DNA sequences with an identity of 96% or more. Among those ESTs that matched nonavian database sequences, the percent identity as well as the length of the matched region was much lower at 84% and 185 bp, respectively.
Among the 50 primer-pairs developed and tested from 50 ESTs, only 37 amplified a single product (amplicon) each of which was sequenced and scanned for SNPs ( Table 2). The sequences of each of the 37 amplicons showed complete homology with the respective reference EST sequence. The total length of the sequences developed from the 37 amplicons was 17,508 bp ( Table 2) . Within these, 65 SNPs were detected and validated ( Figure 1 ). The number of SNPs detected within amplicons ranged from 0 to 4 in 16% and 19% of EST-targeted genomic regions, respectively. Thirty-five percent of the amplicons from EST-targeted genomic regions contained only one SNP. All the SNPs detected and validated were substitutions. Of the 65 SNPs detected and validated, 41 or 64% were either G→A (n ϭ 19) or C→T (n ϭ 22) transitions ( Figure 2) . Seventeen ESTs were mapped in the East Lansing reference panel as markers identified with the prefix TUS- ( Table 3 ). About 65% of the mapped ESTs were assigned to linkage groups previously anchored to macrochromosomes ( Table 3) . The high logarithm of odd scores for these as well as the other loci provides strong support for the linkage assignments. Three of the markers appear to be telomeric. Except for three markers, most of the markers were in regions of higher marker density. Several of these cosegregate with previously described markers (Groenen et al. 2000) . In providing the sequence context of the SNPs, others can now use automated approaches such as genetic bit analysis and hybridization arrays to screen and genotype populations of interest.
We have developed a cDNA library that represents a significant resource for the development of a chicken genome map containing more gene-based markers and one with a density high enough to improve the chances of QTL identification by linkage disequilibrium. Currently there are two publicly available chicken EST databases ( http://udgenome.ags.udel.edu/ chickest/chick.htm; http://genetics.hpi. uni-hamburg.de). Because only 35% of the ESTs described here matched these two database sequences, it will appear that the library may be a useful resource for gene discovery in chickens. Though by themselves ESTs represent a powerful tool for genetic analysis ( Faranda et al. 1996) , their utility in genomics can be greatly enhanced by mutation and linkage analyses ( Kwok et al. 1996 ). Here we have reported ESTs for the chicken and conducted additional analysis to increase their utility for genetic studies by scanning them for SNPs and mapping some in the East Lansing reference panel. The mapping of ESTs technically represent transcript mapping which will facilitate the cloning of genes for economic traits by investigating candidate ESTs for evidence of mutation in phenotypically divergent individuals (Jones et al. 1998) . Knowledge of the chromosomal location of the ESTs as well as the SNPs, makes the data provided here useful for genetic linkage studies, the integration of the chicken genetic and physical maps and for comparative genome analysis.
